The anthropometric measurement of mid-arm muscular area (MAMA) involves overestimation because of various assumptions, this overestimation being progressive with increasing adiposity. However, the effects of muscle atrophy and variation of the subcutaneous fat thickness have remained uncertain. Objectives: The validity of MAMA estimated by anthropometry was examined by comparing with MAMA measured by computed tomography (CT) in a nonobese population. The effects of muscle atrophy and variation of the subcutaneous fat thickness on the validity of MAMA were examined by new indices. Subjects/Methods: The relative MAMA was compared between the anthropometric and CT methods in 45 patients. New indices were introduced for assessing muscle deformity (muscle deformity index, MDI) and subcutaneous fat variation (SFVI). The effects of MDI, SFVI and age on the difference of MAMA between the anthropometric and CT methods were investigated. Results: MDIs were positively correlated with age in males (r ¼ 0.47, Po0.05) and females (r ¼ 0.66, Po0.001). SFVI was positively correlated with age only in females (r ¼ 0.54, Po0.01). Even in these patients, the relative MAMA estimated by anthropometry was significantly associated with that measured by CT (r ¼ 0.85, Po0.0001 in males and r ¼ 0.90, Po0.0001 in females). A Bland-Altman plot indicated that the difference between both methods was relatively small, although increased adiposity might be a source of overestimation for anthropometric MAMA measurement. Conclusions: MAMA estimated by anthropometry was a reliable indicator of muscle mass in patients with muscle atrophy and varying thickness of subcutaneous fat in lean patients.
Introduction
Muscle mass has been recognized as an important clinical indicator of protein nutritional status. Although such new techniques as magnetic resonance imaging, computed tomography (CT), whole-body potassium measurement, isotope dilution techniques and dual energy X-ray absorptiometry have been developed for measuring muscle mass or fat-free mass during the last three decades (Heymsfield et al., 1995; Papathakis et al., 2005; Eng et al., 2007; Lee and Gallagher, 2008) , anthropometric measurements of the limb muscle circumference and limb muscle area are still being widely used in clinical and epidemiological settings (Eveleth et al., 1998) . The mid-arm muscular circumference (MAMC) and mid-arm muscular area (MAMA) can be easily applied to a subject at any time and anywhere if the trained examiner has a measure and a caliper, and there is the merit that reference tables for MAMC and MAMA have been published in the United States (Frisancho, 1990) , the United Kingdom (Burr and Phillips, 1984) and Japan (Japanese Anthropometric Reference Data, 2002) . Compared with one-dimensional MAMC, twodimensional MAMA would be a logical and better indicator of the three-dimensional muscle mass.
The MAMA value calculated from the anthropometrically measured arm circumference and skinfold thickness is known to overestimate the actual muscle area by 15-25% (Heymsfield et al., 1979 (Heymsfield et al., , 1982 . This overestimate has been suggested to originate from the difference between the real framework and the following assumptions: (1) the mid-arm and muscle shape of this portion are circular in shape; (2) a concentric ring of fat surrounds the muscle; (3) the bone area is a constant fraction of the estimated muscle area. Previous studies have confirmed that the overestimation of muscle area was progressively increased by accumulating adiposity, as the subcutaneous fat mantle would be compressed by the caliper (Heymsfield et al., 1979; Forbes et al., 1988; Baumgartner et al., 1992) . However, the effects of muscle atrophy and variation of the subcutaneous fat thickness on the validity of MAMA estimated by anthropometry have not yet been fully investigated. Figure 1 shows cross-sectional images of the mid-upper arm by CT in 10 subjects of various ages. There are large variations in the muscle shape and thickness of the subcutaneous fat layer in the mid-arm among these subjects.
The aim of this study was to evaluate the accuracy of anthropometrically measured MAMA by comparing with MAMA data measured by the CT method in nonobese patients of various ages and with differing upper-arm composition. We have assumed that the CT method can be used as the reference for MAMA because the precise muscle area of the upper arm can be visually identified at the same position as that with the anthropometric measurement. We introduce in this study new indices for quantifying the muscle deformity and variation of subcutaneous fat thickness, and the association between these indices and the accuracy of MAMA measurement is investigated.
Subjects and methods

Subjects
In all, 45 patients (23 males and 22 females) who had been admitted to the Nishikino Hospital with various diseases were recruited from April 2007 to May 2009. All the patients were able to walk around the ward, and any bed-bound and disabled patients were excluded. The body weight and height were measured, and then the body mass index was calculated. The body fat mass was measured by the bioelectrical impedance analyzer (Tanita BC-K519; Tanita, Tokyo, Japan). The study protocol was approved by the ethics committee of University of Shizuoka, and informed consent was obtained from all the participants.
Anthropometric measurements
The mid-arm circumference (MAC) and triceps skinfold thickness (TSF) were measured at the midpoint between the tip of the acromion and olecranon process of the left arm. The circumference was measured with a hardy cloth tape and the TSF was measured with a Harpenden caliper (Baty International, West Sussex, UK), which applied 10 g/mm 2 of pressure to the skinfold. The participant was in a sitting position with the left arm hanging relaxed during the measurements. The measurements were taken three times for each patient, and the measurements for all patients were carried out by the same observer. The coefficient of variation for the TSF measurements was 3.1%. The point of measurement was marked with a black felt-tip marker on the skin, subsequent CT scans being performed at the same point. MAMA was calculated by the following equation:
where MAC and TSF were measured in centimeter.
Representative mid-upper arm images from X-ray computed tomography in the patients participating in this study.
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Computed tomographic measurement
An axial upper-arm X-ray image was obtained with a CT scanner (Pronto, Hitachi, Tokyo, Japan), using a slice thickness of 5 mm. Each patient was examined in the supine position with the relaxed arm put on the chest. The upper arm was horizontally held without any compression and the long axis of the upper arm was adjusted to a direction perpendicular to the plane of the gantry. CT numbers for the window width and level were set at 500 and 10, respectively. The CT image was recorded on an X-ray film and digitally scanned for analysis with a personal computer. The total arm area, the total area of bone and muscle including both vascular sheath and intramuscular fat, and the muscular circumference were measured using the public domain planimetry program, NIH Image (written by Wayne Rasband of the National Institutes of Health, Bethesda, MD, USA). The comparison of MAMA between the anthropometric and CT methods was made with MAMA values divided by the mid-arm area, this being defined as the relative MAMA value. The reason for this fractional calculation is that the absolute MAMA value measured by the CT method could not be assumed to be accurate, because there was no assurance that the arm position was not slanted in any direction (Forbes et al., 1988; Baumgartner et al., 1992) . Such a measurement error could be ignored when the relative MAMA value was used. We attempted to quantify the muscle deformity and variation of the subcutaneous fat thickness from the CT images. The muscle deformity index (MDI) is defined as MAMC divided by the square root of MAMA. This value has been proven to increase with the progression of muscle deformity (Appendix A). The subcutaneous fat variation index (SFVI) is defined by the ratio between the thinnest and thickest part of the subcutaneous fat layer.
Statistical analyses
Each variable is presented as the mean±s.d. Differences between the two methods were evaluated by a paired t-test. A simple regression analysis was used to examine the relationships between variables. These statistical analyses were carried out using GB-STAT software version 5.0 (Dynamic Microsystems, Silver Spring, MD, USA). A P-value o0.05 is considered to be statistically significant. The BlandAltman method was used to assess agreement of the relative MAMA values between the anthropometric and CT methods.
Results
The characteristics of the patients are shown in Table 1 . The body mass index ranged from 15.9 to 27.5 kg/m 2 in males and from 13.9 to 23.2 kg/m 2 in females, and the percentage body fat measured by the bioelectrical impedance analysis method was from 6.9 to 30.5% in males and from 6.2 to 35.7% in females. Only four patients (four males and 0 females) were overweight with body mass index of over 25. Anthropometric and radiographic measurements of the upper arm parameters are shown in Table 2 . The values for relative MAMA are not significantly different between the anthropometric and radiographic measurements.
The MDI values show a significantly positive association with age in both males (r ¼ 0.74, Po0.001, Figure 2 ) and females (r ¼ 0.59, Po0.005). The SFVI values also show a significantly positive association with age in the females (r ¼ 0.54, Po0.01, Figure 3 ), but not in the males (r ¼ 0.08, NS). Neither body mass index nor body fat mass were associated with either MDI or SFVI in both the males and females. These results indicate that the muscle deformity increased with aging, and that it may be invalid to assume the arm and the muscles of this lesion as circular in the elderly.
However, the relative MAMA value estimated by the anthropometric method was significantly associated with that measured by the CT method (r ¼ 0.85, Po0.0001 in males and r ¼ 0.90, Po0.0001 in females, Figure 4) . A BlandAltman plot indicated that the difference between the anthropometric method and CT method was relatively small and constant over a wide range of relative MAMA values in both males and females ( Figure 5 ), although there is a slight tendency for the difference in relative MAMA between anthropometry and CT to increase as mean relative MAMA becomes small. The subject's age showed no association with the difference in relative MAMA between the anthropometric and CT methods. The MDI and SFVI values were also not associated with the difference in relative MAMA between the anthropometric and CT methods.
Discussion
This study examined the validity of MAMA calculated from anthropometric measurements of MAC and TSF in patients with muscle atrophy and varying thickness of the subcutaneous fat layer. We first defined MDI and SFVI for quantifying muscle atrophy or deformity and variation of the subcutaneous fat thickness from a CT image of the upper arm. MDI increased with aging, suggesting that the shape of Validity of mid-arm muscular area R Saito et al muscles in the upper arm in the elderly deviated more from a circular form than that in the younger subjects. SFVI also increased with aging in an exponential manner in the females. These results suggest that the anthropometric measurement of MAMA might be unreliable in geriatric patients or those with muscle atrophy. Contrary to this expectation, however, the anthropometric measurements of MAMA had acceptable validity when compared with MAMA directly measured from a CT image, even in the elderly patients. The anthropometric measurement of MAMA is based on the assumption that cross-sections of the mid-arm muscle compartment are circular (Heymsfield et al., 1979) . For any given MAC, a circle should have greater area than any other shape. As MDI increases, MAMA could be expected to decrease, as the muscular shape deviates further from a circle even if it has the same circumference. However, the effect of muscle deformity on the muscle area calculated from MAC and TSF seemed to be small in our patients. The reason for this result might have been because the shape of muscles in the upper arm deviated from a circle even in the young and well-nourished subjects, and that the additional effect of aging or muscle deformity on the error was relatively small.
Another possible source of error with MAMA estimated by anthropometry could have been variation of the subcutaneous fat thickness. The adipose tissue becomes inconsistent, heterogeneous and flabby in elderly female patients as suggested by the higher SFVI value. However, the Validity of mid-arm muscular area R Saito et al compression effect by the skinfold caliper was relatively small in those patients with a relatively thin fat layer. Rather, compression by the caliper seemed to be effective for averaging variation of the fat pad in these patients. The SFVI values did not change with aging in males. MAMA estimated by anthropometric measurement has been reported to be inaccurate for obese subjects. Forbes et al. (1988) have demonstrated that the ratio of the muscle plus bone area divided by the total arm area progressively differed between the anthropometric method and CT method as the adipose tissue increased. This phenomenon could be explained by compression of the skinfold by calipers, this compression being progressively increased with increasing fat thickness. Owing to this effect, MAMA estimated from anthropometric measurement was inappropriately high when compared with MAMA measured by the CT method. Baumgartner et al. (1992) have also demonstrated that the error in estimating MAMA was two to three times greater in elderly persons than that in young persons, and that these errors might have been dependent on the increased adiposity due to muscle atrophy during aging. The result of the Bland-Altman plot in our study also suggests that increased adiposity is likely to be a source of error for anthropometric MAMA measurement.
In contrast to those studies, we have demonstrated that aging or muscle atrophy did not affect the accuracy of MAMA estimated by anthropometry in nonobese subjects, even though muscle deformity and variation of the subcutaneous fat thickness were evident in these patients. This result is likely to be supported by the study of Friedman et al. (1985) . He mentioned that the anthropometric method can be a reliable indicator of marasmatic syndromes in which there is a substantial loss of both fat and lean tissues. Although the patients examined in our study showed agerelated muscle atrophy, this was not accompanied by increased adiposity. This might be the reason why the relatively accurate measurement of MAMA could be achieved in our population. We agree that a major source of error in the anthropometric method is measurement of the subcutaneous fat layer with the caliper, and that this method might therefore underestimate MAMA if it is applied to the elderly or patients with malnutrition not involving fat wasting, as has been shown by Baumgartner et al. (1992) . In the clinical setting, however, nutritional assessment is considered to be the most important in malnourished populations whose muscle and fat are wasted together.
As a limitation of the results from this study, it is uncertain that the CT method is absolutely accurate for measuring MAMA. Although we tried to put the arm at 901 to the X-ray beam by using laser beam cross-hairs, it cannot be claimed that the arm might never have been slightly slanted in any direction, resulting in the MAMA value being slightly higher than the true value. We therefore presented MAMA as a percentage value (relative MAMA) to avoid this error of the CT method, so that it is difficult to estimate the correction factors for the equation of MAMA with this nonobese population. Furthermore, a single transverse section of the mid-upper arm muscle measured from the CT image might not be a true indicator of whole muscle volume in the upper arm.
In conclusion, the results of this study demonstrate that the effect of muscle deformity was not significant for the anthropometric estimation of MAMA, and that overestimation of MAMA due to compression of the adipose tissue by a caliper was minimal in relatively lean patients. These results suggest that MAMA estimated by the anthropometric method is not an inaccurate measure for assessing muscle mass when compared with the CT method for these patients. However, we have to keep in mind that increased adiposity might be a source of overestimation for anthropometric MAMA measurement even in lean patients. Validity of mid-arm muscular area
